Acetabular dysplasia was produced in 24 immature white rabbits. A rotational acetabular osteotomy was then carried out and radiological and histological studies of the articular cartilage were made.
Acetabular dysplasia was produced in 24 immature white rabbits. A rotational acetabular osteotomy was then carried out and radiological and histological studies of the articular cartilage were made.
In the hips which did not undergo osteotomy, radiographs at 26 weeks showed that residual subluxation remained and arthritic changes such as narrowing of the joint space or dislocation were still seen. However, in the operated group there was a remarkable increase in cover, but arthritic changes were not observed. After 24 weeks, the Mankin grading score in the operated group was significantly lower than that in the non-operated group. The latter hips showed an irregular surface of the cartilage, exfoliation and proliferation of synovial tissue. In those undergoing osteotomy, primary cloning of chondrocytes or hypercellularity was seen and at 24 weeks after operation and metaplasia of the cartilage in the fibrous tissue was observed in the boundary between the medial area of the acetabulum and the acetabular fossa.
Periacetabular osteotomy including rotational acetabular osteotomy (RAO), 1 triple osteotomy, 2 spherical acetabular osteotomy, 3 and dial osteotomy 4 now occupy an important position in the surgical treatment of acetabular dysplasia in young patients. In a previous study we performed experiments in normal rabbits using RAO and described the changes in the articular cartilage induced by a post-operative increase in the load-bearing stress. 5 We speculated that the results reflected the postoperative histological changes seen in the weight-bearing part of the acetabulum in response to clinically minimal acetabular dysplasia. In order to study the changes in the articular cartilage after RAO in clinically moderate and severe acetabular dysplasia, we produced acetabular dysplasia in rabbits and then carried out periacetabular osteotomy after which we examined the post-operative histological changes in the articular cartilage. The study was approved by the ethics committee of Hiroshima University.
Materials and Methods
We produced acetabular dysplasia in 24 immature white rabbits (four-week-olds) using the procedure described by Michelsson and Langenskiold. 6 Under an intravenous infusion of Nembutal of 60 mg/kg, a Kirschner-wire (K-) was inserted from the anterolateral aspect of the lower end of the left tibia to the proximal end of the femur and the knee fixed in extension. The right hip was left intact. Between nine and 14 days after fixation the left hip showed radiological evidence of acetabular dysplasia with lateralisation of the femoral head. The K-wire was then removed and the knee mobilised.
Two weeks later a periacetabular osteotomy was carried out under an intravenous infusion of Nembutal. A curved incision was centred on the apex of the greater trochanter, gluteus medius was separated from the greater trochanter and the bases of the ilium, ischium and pubic bones were exposed. Osteotomies were made at the base of these bones, and the acetabulum was rotated laterally with the ilioischial axis as the centre and then fixed with a K-wire. Gluteus medius was sutured to the greater trochanter and the wound closed (Fig.  1) . 5 No external fixation was used and the animals were allowed to mobilise after the operation.
Four groups of animals were assessed. Of those undergoing acetabular osteotomy, six were killed by massive doses of Nembutal 12 weeks after operation (group A) and six after 24 weeks (group B). In those not having an osteotomy six were killed at 14 weeks after removal of the K-wire (group C) and six 26 weeks after removal of the wire (group D).
THE JOURNAL OF BONE AND JOINT SURGERY
Anteroposterior radiographs of the pelvis were obtained at the time of insertion and removal of the K-wire, immediately before and after acetabular osteotomy and at the time of collection of the specimens. The centre-edge (CE) angle 7 and the acetabular roof obliquity (AC angle) 8 were measured and the presence or absence of arthritic changes noted.
After preparing histological specimens from areas perpendicular to the weight-bearing site in the ilium, and staining with haemotoxylin and eosin and Safranin-O, the articular cartilage was assessed using the grading system described by Mankin et al. 9 This system scores the arthritic changes in the cartilage, including the structure, the cells, Safranin-O staining and the integrity of the tidemark. The score ranged from 0 to 14 with 0 indicating normal articu- 05, before insertion compared with two weeks after K-wire removal † p < 0.01, two weeks after K-wire removal compared with value at collection of specimen ‡ p < 0.05, two weeks after K-wire removal compared with value at collection of specimen § p < 0.01, groups A and C compared ¶ p < 0.01, groups B and D compared lar cartilage. Assessment was made of the medial, central and lateral parts of the primary weight-bearing area of the acetabulum. The surfaces of the femoral head were also observed as well as the corresponding three areas of the acetabulum (Fig. 2) .
In groups A and B immunohistochemical staining 5 was performed using three types of monoclonal antibody for proteoglycan (anti-4 sulphated chondroitin proteoglycan, 2-B-6, anti-6 sulphated chondroitin proteoglycan, 3-B-3; and anti-dermatan sulphate proteoglycan, 6-B-6; Seikagaku, Tokyo, Japan). Statistical analysis. We used the two-way analysis of variance (ANOVA). The level of significance was recorded as p < 0.05.
Results
Radiological evaluation. Two weeks after removal of the K-wire the median CE angle was 4.0˚ (-18˚ to 9.0˚) and the median AC angle 31˚ (17˚ to 36˚). Acetabular dysplasia, lateralisation of the femoral head and subluxation were apparent ( Fig. 3 ; Tables I and II). In the operated groups, the CE angle (median 3˚, -9˚ to 10˚) and the AC angle (median 26˚, 16˚ to 33˚) at the time of removal of the K-wire showed no significant difference from those seen at two weeks after removal of the wire immediately before the acetabular osteotomy.
At the time of the collection of specimens in the operated groups, the CE and the AC angles showed a remarkable increase in cover when compared with those at two weeks after removal of the K-wire ( Fig. 4 ; Tables I and II ). By contrast, in those which did not undergo osteotomy, acetabular dysplasia, lateralisation of the femoral head and residual subluxation were observed, and in two cases in group D dislocation had occurred. In the operated groups the CE (median 36˚, 29˚ to 45˚) and the AC angles (median 3.0˚, -8.0˚ to 7.0˚) immediately after osteotomy showed no significant difference from those at the time of collection of the specimens.
When the two cases of dislocation were excluded, one example of narrowing of the joint space was observed in each of groups C and D and deformation of femoral head in one hip in group C and two in group D. However, in the operated groups, necrosis of the acetabulum or the femoral head and narrowing of the joint space were not seen. Histological evaluation. The two hips which were dislocated in group D were not subjected to histological evaluation of the articular cartilage. The acetabulum (Table III) . When each area was compared in group A and group B, the scores in the medial portion Radiograph of a hip (group B). The centre-edge and acetabular roof of obliquity angles showed a marked increase in cover compared with before operation. were significantly higher compared with those in the central and the lateral areas. The grading score in the medial area of group B was significantly decreased compared with that in group A. The score was significantly higher in group D than in group B.
Femoral head (Table IV) . In those undergoing osteotomy, the score in group A was significantly higher than that in group B. Considering all the groups at 24 weeks the grading scores in all parts were significantly higher in group D than in group B.
On both the acetabular and femoral sides, the principal changes in the non-operated groups were an irregular surface of the cartilage, exfoliation, and proliferation of synovial tissue (Fig. 5) . In those undergoing osteotomy cloning of cartilaginous cells or hypercellularity was prominent (Fig. 6 ).
In two of the six hips in group B, metaplasia of the cartilage was observed in the tissue at the boundary between the medial area of the acetabulum and the acetabular fossa (Fig. 7) . Immunohistological evaluation. Immunohistological staining in groups A and B was positive for monoclonal antibodies 2-B-6 and 3-B-3 in the cartilage of the acetabulum and the femoral head. No difference was observed between the normal side and the operated side. Staining with 6-B-6, which demonstrates degenerated proteoglycan, was not observed.
Discussion
In experimental acetabular dysplasia as described by Michelsson and Langenskiold 6 the knee is fixed in extension and lateralisation of the femoral head is sought by enhancing the tension of the hamstrings. According to Yamamoto, 10 after fixation of the knee for one week, the acetabular dysplasia is reversible, but after two weeks the dysplasia remains and the histological changes in the cartilaginous cells become irreversible. In our model, the period of fixation ranged from nine days to two weeks, and in all cases acetabular dysplasia was apparent in comparison with the control side. Similar changes remained two weeks after removal of the wire. Between 14 and 26 weeks after removal of the wire the changes progressed leading to narrowing of the joint space or deformity of the femoral head with some hips progressing to complete dislocation. These findings coincide with those of Yamamoto.
10
In the hips which did not undergo osteotomy the main changes seen were exfoliation of the articular cartilage, an irregular joint surface and rarefaction, all of which progressed with time. In those undergoing operation histological examination showed cloning and increased stain uptake of the cartilage matrix which had decreased by 24 weeks with absence of the changes characteristic of osteoarthritis. The clones of chondrocytes observed in the operated groups were considered to represent the synthetic clones noted by Mitchell, Lee and Shepard. 11 The remodelling of the cartilage tissue responding to the changes in the dynamic environment because of displacement of the hip in the early post-operative period develops at the site corresponding to the new weight-bearing stress and becomes stable with time.
Raab, Lohr and Krauspe, 12 after inducing dislocation of the hip in rabbits conducted a histological study on the acetabular weight-bearing cartilage in a group which was reduced early and in another which was left dislocated. In the untreated dislocation group the hyaline cartilage decreased towards the weight-bearing area and cartilaginous cells showed a tendency for metaplasia to fibrocartilage. However, in the group which was reduced early similar changes were reversed by restoration of weightbearing stress after reduction. The earlier the reduction occurred, the more complete the restoration to normal. It therefore appears that the application of an appropriate amount of loading, while the articular cartilage still maintains the potential for remodelling, will restore the integrity of the cartilage at the site of weight-bearing.
In 1992 Hiranuma et al 13 carried out a histological study after a Chiari osteotomy and noted that cartilaginous metaplasia resembling fibrocartilage developed in the joint capsule at the acetabulum, which became the new weightbearing surface. We observed cartilaginous metaplasia at the boundary between the medial area of the acetabulum and the acetabular fossa, which became the new weightbearing surface. When comparing the histological appearances with those of the opposite normal hip, the displacement site of weight-bearing in the acetabular fossa was found to correspond to the area where fibrous tissue was present near the attachment of the ligamentum teres. It seems that metaplasia had developed in response to changes in the dynamic environment because of displacement of the non-cartilaginous tissue to the acetabular fossa. Clinically, the weight-bearing surface enlarged because of formation of subchondral bone, which may be related to this cartilaginous metaplasia.
